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摘要: 对莴苣花粉发育过程中 ATPase 的分布特征做了研究。四分体早期的小孢子细胞质中开始出现 ATPase 反应颗
粒。之后，小孢子在发育过程中，花粉内壁聚集大量体积较大的 ATPase 反应颗粒，并一直保持到花粉即将成熟。在小孢
子发育晚期，在花粉萌发孔处和小孢子大液泡中也特异性地聚集了较多 ATPase 颗粒。二胞花粉刚形成的生殖细胞表
面呈现大量的 ATPase 反应颗粒，当生殖细胞脱离花粉内壁移入营养细胞，ATPase 反应颗粒基本消失。生殖细胞分化
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Localization of ATPase dur ing Pollen
Development in Lattuce sativa L.
GU Li , YE Lü, ZHANG Ya-nan, TI AN Hui -qi ao*
(School of Life Sciences, Xiamen University, Xiamen 361005, China)
Abstract: The localization of ATPase in developing pollen grains of Lattuce sativa L. was studied using lead
precipitation. ATPase precipitates (ppts) were present in the microspore cell during the early tetrad stage. Ppts then
occurred largely in the inner pollen wall until shortly before pollens formed. At the late microspore developmental
stage, abundant ppts were found specifically at the germ pore and in the large vacuole of microspore. During
two-celled pollen grain stage, they were accumulated on the wall of the generative cell. After the generative cell
came into the vegetative cell, ppts largely disappeared. The number of ppts was less in the generative cell than in
the vegetation cell during the differentiation of the generative cell. And it was less in sperm cells than in the
vegetation cell after pollen formed. It is suggested that the distribution of ATPase is closely related to events of
pollen development.
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在真核细胞中，除了线粒体和叶绿体 ATPase
的功能是合成 ATP 外，其余部位 ATPase 是水解
ATP 以获取能量的代谢酶[1]，是研究细胞物质运输
和能量代谢的重要手段[2-3]。邓继新等[4]最先用生理






























将花药横切后立即投入 50 mmol/L (pH 7.2) 二甲胂
酸钠缓冲液配制的含 0.5%戊二醛和 4%多聚甲醛
的 混 合 固 定 液 中 ，室 温 下 初 固 定 2 h。 然 后 用
50 mmol/L (pH 7.2) 的二甲胂酸钠缓冲液洗 2 次，再
用 50 mmol/L (pH 7.2) Tris-maleate 缓冲液洗 2 次，
均在 4℃下进行，每次约 0.5 h。接着在 26℃下酶反
应液孵育 2.5 h。孵育液组成为：50 mmol/L (pH 7.2)
Tris-maleate 缓冲液中含有 5-ATP 钠盐 2 mmol/L,
Pb(NO3)2 3 mmol/L, MgSO4 5 mmol/L。以孵育液不
加 ATP 钠盐作对照。酶反应结束后，用 50 mmol/L
(pH 7.2) 的 Tris-maleate 缓冲液 4℃下洗 2 次，再用
50 mmol/L (pH 7.2) 的二甲胂酸钠缓冲液 4℃下洗 2
次，每次约 0.5 h，然后用 50 mmol/L (pH 7.2) 二甲胂
酸钠缓冲液配制 1%锇酸 4℃过夜。经过固定的花药
用双蒸水洗涤 2 次，每次 0.5 h；丙酮逐级脱水，
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泌到该层中，ATPase 反应颗粒也开始积累在该层
(图版 II：10)。以后在花粉内壁部位一直保持了较










排列片层(第 2 层)；第 3 层是花粉外壁内层的延续，
































































其 外 壁 外 层 突 起 的 表 面 上 分 布 了 一 些 细 小 的
ATPase 反应颗粒(图版 IV：24)。
开花前 1 天，花粉中充满了脂滴类的营养物
质。生殖细胞已进行了 1 次有丝分裂形成 2 个精细
胞，2 个精细胞之间的距离很远，营养细胞核位于中
间 (图版 IV：25)。与营养细胞相比，精细胞中 的


































































在莴苣 4 层萌发孔结构中，第 2 层和第 4 层都聚集























之间聚集了大量的 ATPase。这些 ATPase 可能为溶
解胼胝质壁提供大量的能量。在生殖细胞脱离花粉
内壁过程中，其粘连部位 ATPase 呈现增加趋势，也
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图版说明
G：生殖细胞 Generative cell；S：精细胞 Sperm cell；n：细胞核
Nucleus
图版Ⅰ








7. 在花粉萌发孔部位聚集了许多 ATPase 颗粒；×11 860
8. 在萌发孔外的花药室中聚集了许多 ATPase 颗粒；×14 230
图版Ⅱ
9. 小孢子开始合成花粉内壁，其中没有 ATPase 颗粒；×11 860
10. 小孢子的花粉内壁中出现 ATPase 颗粒；×23 720
11. 小孢子的花粉内壁中聚集的 ATPase 颗粒体积较大；×23 720
12. 花粉萌发孔形成了 4 层结构，其中的第 2 和第 4 层中呈现出大
量的 ATPase 颗粒, 在萌发孔外的花药基质中也有许多细小的
ATPase 颗粒；×11 860
13. 萌发孔横切面，示第 4 层是含有大量 ATPase 的内质网结构；
×29 650
14. 小孢子中开始形成一些较大的液泡，其中含有许多 ATPase 颗
粒；×5 930
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18. 二胞花粉中生殖细胞的质膜部分折叠；×7 110
19. 图 18 的放大，在折叠的生殖细胞质膜表面有较多 ATPase 颗
粒；×23 720
20. 生殖细胞脱离花粉壁处聚集了大量的 ATPase 颗粒(箭头)；
×4 740





24. 在花粉内壁中仍有大量的 ATPase 颗粒分布；×35 580
25. 成熟花粉中已形成了两个精细胞(箭头)；×3 550
26. 图 25 的放大，示营养细胞和精细胞核的 ATPase 颗粒数量差
异；×14 230
27. 在精细胞(S)中 ATPase 颗粒主要集中在细胞核中。×29 650
Explanation of plates
PlateⅠ
1. A part of tetrad microspore, showing a few ATPase precipitates
(ppts) and granules with a high electronic density being excreted
out of the plasma membrane; ×17 790
2. A tetrad microspore with puckered plasma membrane; ×17 790
3. Microspores during the late tetrad stage forming some points;
×3 550
4. Details of Figue 3, showing that a microspore is forming primexine
(*) by small vacuoles; ×11 860
5. One-layered primexine (*) formed in a late tetrad microspore;
×29 650
6. Microspore newly released from a tetrad; ×5 930
7. Ppts accumulated greatly at the germ pore region; ×11 860
8. Many ppts present in anther locule outside the germ pore; ×14 230
Plate Ⅱ
9. No ppts in the newly formed intine; ×11 860
10. Ppts present in the intine; ×23 720
11. Ppts increased in the intine; ×23 720
12. The germ pore was made up of a four-layered structure. Many ppts
are accumulated in the second and forth layers and outside the
germ pore as well; ×11 860
13. Transverse section of the germ pore, showing that the forth layer is
endoplasmic reticula with many ppts; ×29 650
14. Ppts in big vacuoles which are occurring in the microspore; ×5 930
15. Many ppts in a big vacuole which pushes the nucleus away from
the centre region of the cell to form microspore polarity; ×4 740
Plate Ⅲ
16. Many ppts located in the wall of generative cell early in the
two-celled stage; ×9 480
17. The large vacuoles of two-celled pollen grain are decomposed and
many ppts are still in them; ×5 930
18. Partially puckered plasma membrane of generative cell; ×7 110
19. Details of Figure 18, showing abundant ppts in the plasma mem-
brane of generative cell; ×23 720
20. Numerous ppts accumulated in the position where the generative
cell was detaching from the intine (arrow); ×4 740
21. Ppts sharply decreased on the surface of generative cell after
generative cell moved into cytoplasm of vegetative cell; ×4 740
Plate Ⅳ
22. Block of endoplasmic reticulum decomposing at the germ pore
region during two-celled stage; ×17 790
23. Block of endoplasic reticulum completely disappearing at the germ
pore region; ×11 860
24. Many ppts still observed in the intine; ×35 580
25. A mature pollen grain with two sperm cells; ×3 550
26. Details of Figure 25, showing quantitative difference in ppts
between the generative nuclei and vegetative nuclei; ×14 230
27. Ppts in the nucleus of sperm cell accumulated mainly in the
cytoplasm. ×29 650
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